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P r o v i s i o n a l  ve r s ion  of D1~NDRb.L. P a r t  I11 

Conipl-ete C h e i ~ j c a l  Graphs; C1:ibedtling Kings j n  Trces .  

This p r e l i i h i a r y  v e r s i o n  i s  r e l e a s e d  a t  t h i s  time i n  o r d e r  t o  

f a c i l i t a t e  t h e  programming of DEPDI:AL f o r  r inged  s t r u c t u r e s ,  i n  p a r t j c u l a r  

t h e  ecibedding 6f r i n g s  i n  t r e e s .  

The e x t e r n a l  notnf j -on i s  s u b j e c t  t o  f u r t h e r  r e v i s i o n .  A more compact 

one can e a s i l y  b e  deviscd  t h a t  also p rov ides  f o r  i m p l i c i t  data  and R I C I - ~ C S  

sone of t h e  lists. For canon ica l  o r d e r i n g ,  i t  niay be  necessa ry  t o  

expand such a coinpact fol-mula back t o  the c x p l i c i t y  LISP l ists  of the 

g e n e r a t o r  programs, f o r  cxamplc the edge count  l i s t ,  p a t h  n o d i f i c r  l i s t ,  

and v e r t e x  mod i f i e r  l ist could be u n i f i e d  

For the '  purposes  of t?iis r e p o r t ,  we focus  on t h e  i n t e r n a l  n o t a t i o n  and 

t h e  coii lhinatFria1 and autonorphism problems t h a t  have t o  b e  faced  by 

\ the g e n e r a t o r  yrogrem. 

LISP language prccessor .  Note t h a t  c o m a s  a r e  redundant .  . is, however, 

Formulas will be  l i s ts  tha t  can bc read by a 
.I 

11 1) 

. .  i n  'no c a s e  t h e  do t  of a LISP d o t t e d  p a i r ,  and t h i s  c h a r a c t e r  should be - I- 

t r a n s l z t e d  a t  input -output .  
I 

T h i s  change of emphasis modi f ies  sone of thc h i e r a r c h i c a l  chcic.es, 

b u t  notie of t h e  fundarnental i d e a s  developed i n  DEIIDML I ( a c y c l i c  
I 

 io 1 e c u 1 e s ) 

graphs) . 
and DENDPb4L X I  (genera l  survey  of r e g u l a r  c y c l i c  t r i v a l e n t  

. .  
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2. 

S e c t i o n  3.1 i s  a g l o s s a r y  t h a t  s h o u l d  be consu l t ed  t o g e t h e r  w i t h  

Tab le  3.1 a s  a11 a u t h o r i t a t i v e  d e f i n i t i o n  of L)EHD!IAL val.uati.on. 

S e c t i o n  3 .2  . e l a b o r a t e s  t h e  completion of r’ing d e f i n i t i o n s  a s  mappings 

‘ on the nodes and edges of one of the VG’s l i s t e d  i n  Dendral  11. 

S e c t i o n  3 . 3  s p e c j - f i e s  11or.~ rin.sjs a re  embedded i n  t r e e s  t o  complete  t h e  

n o t a t i o n  o u t l i n e d  i n  Dendral I. 

Secti.on 3 . h  deals  wi th  some p r o b l e m  of c h i r a l i t y  

S e c t i o n s  3.5, f f ,  w i l l  be compl.eted a t  a l a t e r  d a t e .  ---- 
They w i l l  cover  s u c h  t o p i c s  a s  

a b b r e v i a t e d  notat i .ons f o r  human i n t c r a c t j - o n  
’Permanent l a b e l s  and  s p e c i a l  niappings f o r  f r e q u e n t l y  

encountered r i n g s  
S p e c i a l  t r e a  trnen t of a r o m a t i c i t y  
E f f i c i e n t  a l g o r i t h i s m  f o r  dealj .ng wi th  symmetries 
Op t iona l  h i e r a r c h i e s  of DENDILAL c h s s i f  i c a t i o n  

Rings w i t h  t e t r a v a l e n t  ( s p l r o )  v e r t i c e s  
:. H e u r i s t i c  ques t ions  of p l a u s i b l e  s t r u c t u r e s  

CAXONICAL FOZlS - 

--- lowes t  ___- val.ued _I_- v e c t o r  d e s c r i p t i o n  of t h e  structure, eva lua ted  ce1.1 by 
cell.. It i s  important  t o  f o l l o v  the  s t anda rd  h i e r a r c h y  of c h o i c e ,  
as g iven  i n  Table  3.1, For example, t h e  pendant r a d i c a l s  a re  1. is ted 
f i r s t ,  i n  ascending  DEiqDIL4L o r d e r ,  b e f o r e  t h e  lowest  l o c a n t  v e c t o r  i s  
selected.  

T h i s  convent ion  is  c o n s i s t e n t  w i t h  DEYDRAL I and f a c i l i t a t e s  
i n t e r f a c i n g  t h e  cozpu te r  programs f o r  l i n e a r  and cycl ic  DENDIAL. 

-- 
In g e n e r a l ,  t h e  canon ica l  choice  anon& a u t o a o r p h i s m  is t h e  



--, . . 

' RINGED CO?IPOU~3D. A t ree ,  poss i b i l y  dcgenci-ate,  i n  whj.ch a r i n g  

is embedded. 

K-TREE. A r e p r e s e n t a t i o n  i n  which any r i n g  is  rep resen ted  a s  a 
" 

superatom. 

SUPERATOX. A node r ep resen t ing  a p rev ious ly  clef incd compl~er of 

. atoms, t r e a t e d  as  an item by t h e  g e n e r a t o r  

VERTEX GROUP, V G ,  CUBICAL GKAPH, An a b s t r a c t ,  c u b i c a l  ( t r i v a l c n t )  

g raph ,  summarized i n  DENI)ML 2 ,  on whose nodes and edges are 

mapped the v e r t e x  atonis atid connect ing  l i n e a r  pa ths  of the 

r i n g .  

--- 

crJw@sI'rIoN. L i s t  of atoms compris ing a molecule ,  e.g. (C3X102Ul) 

. . .or (C3117N02). 
I .. 

R-COFNOSITlON. A composition i n  which r i n g  atoins arc. removed and 
I 

a l l .oca ted  t o  r i n g  i d e n t i f i e r s .  I n  e f f e c t ,  t h e  composi t ion 

. of an R-tree. :I 

LOCANT. An o r d i n a l  number s p e c i f y i n g  an  atom o r  a bond i n  a 

molecule  f o r  t h e  purpose of a t t a c h i n g  a r a d i c a l .  O r  s u b s t i t u t i n g  
a h e t c 1: o a t om 

CMIIULITY, S t r u c  a .  t u ra l  in format ion  n o t  ,g iven  by Ithe t o p o l o g i c a l  
. .  

co i inec t iv i ty .  Th i s  u sua l ly  concerns t h e  o r i e n t a t i o n  i n  space  
, 

of t e t r a h e d r a l  carbon atonis wi th  asymmetr ica l ly  a t t a c h e d  

r a d i c a l s .  
. - . . -  . .- ... - _  . . 

GENERATOR. A program t o  gene ra t e  a c o n p l e t e  bu i r r e d u n d a n t  l i s t  J of isor.iers of a g iven  composition. 

O R T ~ l O : ~ l ~ S l l ,  A p a r t i c u l a r  r i n g  system presented  as  i f  a l l  h e t c r o a t o n s  

are rep laced  by C a t o m .  

i n  cnnon ica l  order .  

It i s  s p e c i f i e d  by a VG p l u s  an ECL 

- .  
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EDGE COUNT LIST,  ECL A mapping of path  length; on t o  the  edges 

- of a VG. 
. 

. '  
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R K X  1)EI:INI T I O N  
-_-I__-.--- 

A r i n g  will c u s t o m a r i l y  be  dcfiiicd (as  a superntorn) a t  the hcad 
of a fonnula .  That i s  t o  say,  t h e  g e n e r a t o r  will a l l o c a t e  p r o g r e s s i v e l y  
larger  numbers of atoms t o  one or 1i)ore r i n g s ,  the11 b u i l d  a l l  p o s s i b l e  
R- t rees  compat ib le  v i i t l i  t h a t  1:-composition. 
can, of couz'sc, be r ea r r anged  f o r  h e u r i s t i c  ' .purposes. 

Each predefined r5ng t ~ i l  I be  g iven  an arbiLI-ary temporary 1-abel, 
x2, ctc.  Some r i n g s .  may b e  permanently d e f i n e d ,  since they  occur so  
f r e q u e n t l y .  The most p r e v a l e n t  c :mny le  i s  Lhc a r o m a t i c ,  benzene r i n g  
which Ls dei i i ied  under the nariie Z C ~ S  

T h i s  c a n o n i c a l  seqiieiice 

- 6  , 06 /;..\ 

zs, b w  C h C !  

2 )J v -k 
0.6 hi:h CI. I c. 

"i 0 V 
' )&ti nJ?/93- 
1 

ZGr = ((0) 6 2 0 0 )  

ZN" = ( ( 2 A )  (o$, 4* ,  4 % ) ( ) ( ) )  

0 * -  

. 
. fonn  

As i l l u s t r a t e d  by t h i s  example, a r i n g  d e f i n i t i o n  v i 1 1  have  t h e  

0 )- C \ f l W A  c- 3 t fi 
-"""""""""'"""""""""" 

G .  C C  1-. v r-l f 14 
I 

xn =: ( (ve r t ex  group) (edge count l i s t )  ( v e r t e x  m o d i f i e r s )  (pa th  modifiers),!, 

where x'n is  t h e  temporary l a b e l ,  o r  Zm f o r  a permanent one. 

The Orthonesh cons i . s t s  of t h e  VERTEX GROUP, VG,  and t h e  EDGE COUNT 
LIST,  ECL. 
beconc convent jon31.ized by chemical usage - i t  cor responds  t o  a c a r b o c y c l i c  
ring systcin on which changes from C t o  o t h e r  atoms can be  mapped by excep t ion .  
Examples which a u t i c j . p a t e  l a t e r  n o t a t i o n  fo l low:  

Together t h e s e  elements d e f i n e  a p l a n a r  mesh tihose shape  h a s  

. .  

. .- 
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I n  3,2 I., tlic \7G i s  (0), I.c., t h e  s-iiiglc r in f ; ,  s a n s  v e r t i c e s ,  
I 

on whjch i s  mapped a s i n g l c  p a t h ,  

The insci:ibccl 0 s t a n d s  f o r  the 
a romat i c  charac te l -  of t h e  r i n g ,  
i . e . ,  a p a t h  with a l t e r n a t i n g  
sinp,lc and doub lc  bonds; 
c:c,c:c ,c:c, 

I 

I 

I 

3 e?-- 3 
I 

. I  
i 

I 
I -  

I 

Chciiiical. evidence shows t h a t  in such a c a s e ,  each lx3nd i s  e q u i v a l e n t  
ani1 lins a charactel :  j.ntcrliiedi?te bctwecn . and ":I1. We i n d i c a t e  
t h i s  by t h e  n o t a t i o n  fi which might be denoted i n  a r a d i c a l  as 

11 I 1  

$cCkCkCAC"CfiCk o r  i rni>l ic j - t ly  as 6 2 ,  
Norc conplex rj-iigs have 2(r-1)  v e r t i c e s ,  where r i s  t h e  number of 

inc luded  r i i ip ,  u n i t s  ( j .nscr ibcd faces) as convent ional . ly  couiitcd by 
cheiiiists. Dendra1 I1 e l a b o r a t e s  311 possib3.c: u:crter g ~ o u p c .  The  
m a j o r i t y  of o rgan ic  r inged  niolccu1.e~ f a l l .  i n  t h e  ca t egory  VG=(O), and 
r 
is l i k e l y  t o  h e  a b l e  t o  handle .  
convcnicnce as F i g u r e  3 . 2 1  and 3 . 2 2 .  

tlle 3v/2 edges wliosc l e n g t h s  a r e  g iven  by t h e  ECL. 

4 ,  v G cove r s  a s  l n r g c  a scope as  t h e  unpccial.izcc1 g e n e r a t o r  
Thcse a r e  rcproduccd here  For 

The v v e r t i c e s  j.i:iplj.ed by the VG mist now bc s p e c i f i e d ,  and then  

I I 

The EDGE COUNT LIST,  ECL, has a hj.gher p r i o r i t y  than  t h e  v e r t e x  
n iod i f i e r s ,  Vbl, 3.ist a n  implied l i s t  of t h e  v e r t e x  atoms which 
specifies (a) t h e i r  composi t ion and (b) t h e i r  c h i r a l i t y .  S ince  t h e  
most u s u a l  s i t i i a t i . on  is a l l .  carbons . .  - 
we 3 ocate _cf):ceptionz t o  that  s t anda rd .  

). 

. The V H  list and i t s  v a l u c  i s  t h e  3-ple  ( v e c t o r )  

composi t ion,  e.g., N 2 ,  o r  NIL .  
1) t h c  non-carbon atoms i.n DI:NDlUL o r d c r ,  expressed  a s  a 

2) A vertex l o c a n t  l i s t  f o r  t h e s c  atoms. 
3)  An e x p l i c i t  l i s t  of t h e  c h i r a l i t y  of s u c c e s s i v e  v e r t e x  

I t  II II atoms - ( 1 1 , 1 1 ,  " + ' I ,  11-11 , A ) r e f e r r i n g  t o  unspec i f i ed" ,  
"d2xt-ro'', '?lxd!, "rc?cernicl'; see  s e c t i o n  3 . 4  f o r  dc ta i1 . s .  

A t  any p l a c e ,  t h e  o x i s s i o n  of a' l i s t  o r  t h e  v a l u e  X I L ,  imp3.i.e~ 
unspec i f  icd". . .  

II 
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. .  6 .  

T a b l e s  of synmctric*s t o  e l i c i t  canonical. f orins w i l l  be  provided  or  
can b e  deduced i r o n  t h e  VG (see Figure  3.1). For t h e  moment t h e  s i rnplcs t  
a l g o r i t h m  will be t o  t r y  a l l  t h e  autoinorphisix e x h a u s t i v e l y ,  am1 save only  
t h e  c a n o n i c a l  r c p r e s c n t n t i o i i s .  

PATII LIST. 3 *7- I*{ ---- 

. [The r i n g  d e f j n i t i o n  j.s now completed b y  mapping l i n e a r  patlis 

onto t h e  edges  of t h e  VG.  I n  t ak ing  account  of t h e  syrnmetrics, t h e  sense 

of t h e  pa th  must be coiisidcrcd. S e v e r a l  r e p r e s e n t a t i o n s  a r e  p o s s i b l e ;  

i n  p r e v i o u s  s p e c i f i c a t i o n s ,  I-TC clisplaycd a v e c t o r  of a l l  p a t h s  i n  cdge- 

number sequcilce: t hus  (.) (.C.C.N.) (.C.C.C.C.) f o r  

1 2 3  4 5 6 7  

Each edge of a p a t h  l i s t  v7as mapped w i t h  a l i n e a r ,  tvo-ended r ad ica l ,  I 
, I  

presen ted  i n  p r c v i o u s l y  dcf inecl n o t a t i o n ]  

The r i n g  atoms are  all enm' e ran lc ;  f i r s t  the v e r t i c e s ,  1'1, V 2 ,  . .  
1 

etc., then  t h e  p a t h  atoms i n  t h e  o r d e r  of t h e i r  p r e s e n t a t i o n  i n  t h e  

formula. 
' .  t 

. Is'e now f i n d  i t  more convenicnt  and conformablc t o  chemica l  
I 

n o t a t i o n  t o  niap r i n g s  by except ion .  The pa th  l ist  w i l l  t hen  c o n s i s t  ' 

of 3 p a r t s :  

3,7 t(l.- ECL ( a l r e a d y  i n  o r  thoinesh) 

1) A v e c t o r  t h a t  a s s i g n s  a coun t  t o  s& d p , e  i n  scquencc. Each 

node i s  i m p l i c i t l y  nuxbcrcd by i t s  sequence 5.11 t h e  formula 

.. 

2) A coxpos i t ion  i n d i c a t i n g  a t o x s  r e p l a c i n g  t h e  i i n p l i t d  C ' s .  



7. 

T h i s  5.nclutles double  bonds as U ’ s .  (abbrc\r ia t ioi ls  n r e  a v a i l a b l e  

for ai: om t i c  i t  y ) 

3. >*Gf (6 3) A l o c a n t  vector  f o r  these  r-eplnciny, atoms and bonds 

I r > t  0 ,c’; VC ctz 9” 
r-------\ Et I- 

((2A) ( ( 0 , 4 , 4 ) - N U  (1, (V1.,5)))) 

Caut ion:  i n  i n t e r n a l  n o t a t i o n  a l l  bonds a re  
\ 

*- nunibered a s  n o d e - p i r s .  \.lhcn the  p a i r  i s  (n ,n+l )  

on ly  the locrer node need be  nuinbered i n  e x t e r n a l ,  

XI : 
not a t ion .  

I 

Note: i n  man-nachine- interact ion d i s p l a y s ,  pa ren theses  can  be rep laced  

by form a t t c d  l a b e l s  and i n d e n t a t i o n s  to f a c i l i t a t e  e d i t i n g  and cormands. 

\!e can v i s u a l i z e  a d i s p l a y  

I VG 

VN 

I. 

. .  



8. 

Vertex numbers can  he rep laced  by a r b i t r a r y  integers ,  e .  g .  numbered 

, 

1 

\ ! 

I 

t .  

a f t e r  a l l  the pa th  atoms. In this example, 1'169, V2G10, 

By g i v i n g  t h e  edge count  l i s t  a h i g h e r  p r i o r i t y  t han  t h e  \Vi2 

f a c i l i t a t e .  t h e  s tor j .ng of comiiion ort110iilc~11cs under a f a n i i ~ i a r  

ring label-. 

Thus ,  3 .  2(t53can be inpu t  a s  

T h i s  can then  be cdjted there f o r  s p e c i f i c  compounds. 

\ 

Thc chemis t s  name f o r  . t h i s  

i 

I 



. 

I 

, 

?,c/o .r 
Embeddj-iig t h e  r i n g  i n  a t ree .  

< 

The r i n g  as iiow d e f i n e d  may be regarded  as  a supcratorii. Ilowever, it 

will, in g e n e r a l ,  have i t s  0r.m syninctrfcs .  Different loca t j -ons  have t o  

\ be I n d i c a t e d  fo r  a t t a c h j n g  Fur the r  r n d i c z l s .  For example, the th ree  

amino-phcnols a r c  a l l  s p e c i a l  c a s e s  of 
I 

- . - . . . . 

\!e w i l l ,  then f i r s t  3.ist a l l  of the a t t a c h e d  r a d i d a l s  i n  DENDXAL 

o r d e r  wi thout  r e f e r e n c e  t o  p o s i t i o n  of a t tachment .  Then we w i l l  write 

a vector  of loca i i t s  d e s c r i b i n g  t h e  s u c c e s s i v e  p o s i t i o n s  of a t t a c h n c n t .  

For cxample, 



0 i -1 c 

. .  

.. 
.. .- 

\i : . .  
c 

3. 

I I '  

There arc,  of c o u r s e ,  lamy automorphism f o r  t h e  l o c a n t  vector .  In t h i s  

lexrunple t h c  l o c a n t  v e c t o r  i s  
I (1,4,3): 

I 

Canonical 

. Z(  1,h, 3 ) .  . OC . N .2(1,3,4). .C.N 0 
I . z( ,1,2). .oc. N . .  I .  

I 

. .  . 

.2 (3 ,6 ,5 ) .  .OC.N 

e t c .  

The c c n o n i c a l  forn 

.. - . 



.. 

1:csolving the ai i ibjgui t ics  of the 3.ocant v c c t o ~ s  is  a g a i n  a 
messy  prospec t  and the siiiq’1.j.est general. s o l u t i o n  i s  t o  t e s t  a l l  
t h e  ~yfi!:iiet~:>’ operntj .ons serj.ztj.ia and conipnre the l o c n n t  v e c t o ~ r s .  
I40rc c f f i c i cn t  rules tii1.1. soon merge f o r  thc fi-cclucnt c a s e s .  
~ l o ~ ~ ~ c v e r ,  a s  onc suy,ge.stion the pendant ~ :ndicaJ . s  nj.glit be r e p l a c e d ,  
d u r i n g  conputnt  i on ,  by o r d i n a l  nuinbci-s i n  o r d e r  t o  s i rnp l i fy  co:;qxiri- 
sons .  

a t  t h e  s m c  path atom. 
C h f r a l i t y  a t  v e r t i c e s  and path nodes i s  d i scussed  l a t e r ,  3 . 4 .  

l\’hen a - CI12 - appears i n  a r h g ,  two s u b s t i t u t i o n s  a r e  possib3.c 
For the moment t l i cy  a r c  n o t  c l i s t inguis l ied .  

. .  
, 

I 



12 - ClIIRALITY_ 

7 q o  9' 
For many purposes  we cmphasizc thc topological .  and can ovcrloolc t h e  

3-dimcnsional s p a t i a l  a s p e c t s  of molecular s t r u c t u r e .  

t h e  I.en&hs and. r o t a t i o n s  of bonds 'are uiidcrstood t o  a widely va ry ing  

p r e c i s i o n ,  and may b e  g r e a t l y  i n f  Iucnced by the h i s t o r y ,  enc rgy- s t a t e ,  and 

immediate con tex t  of t h e  molecule. I n  t h i s  s cnsc ,  the  t o p o l o g i c a l  

I n  r c a l  moleculcs ,  

c o n n e c t i v i t y  i s  only  a f o r m 1  r e p r e s e n t a t i o n  of a gcnus of s t a t e s  which 

can  sonct imes be i n f e r r e d  from it. 

Ilowever, one a s p e c t  of s te reo-chcmis t ry  generates d i s t i n c  tPons among 

chen:!;ically s t a b l e  s p e c i e s  of very g r e a t  iriiportnnce, e s p e c i a l l y  f o r  

b i o l o g i c a l l y  i n t e r e s t i n g  compounds. Th i s  i s  c h f r n l i ~ ~ ,  which rests upon 

t h e  a l t e r n a t i n g  symmetry groups of t h e  va l ence  bonds of the C aton. 
4 

The symxecrj es of tho. va lences  of ccrhon. Thc topol.o,z~.c.al t e t r a h e d r o n  3,4 I i-- .-,----̂ ---- _____.I--------- 

has t h e  s y r m e t r y  Srt , t h a t  is a l l  4 ! =  24 pelmuta t ions  of i t s  v e r t i c e s  

( t a b l e  3.4%).  

so t h a t  two enanticmorphfc,  mir ror  iinngcs, inust be d i s t i n g u i s h e d  f o r  

The carbon atom behaves, hwmver,  as  a -me-. s t e r i c  t e t r a h e d r o n ,  

(C. . .abcd).  These  corresponding t o  odd and even a l t e r n a t i n g  groups ( t a b l e  

3.410). 

We can  now regard  t h e  c h i r a l i t y  of aspnnictric, carbons as  a s p e c i a l  c a s e  
I 

of t h e  l o c a n t  l ists  vh ich  spec i fy  s u b s t i t u t i o n s  on silperatonis. The D- 

and L- isomers o f ,  s a y ,  glyceraldehyde would be  descr ibed  (with i m p l i c i t  

Y ! - .. . 

I 

1 



c -  

111 view of the b i s e c t i o n  of S 4 i n t o  t h e  two A 4 ' s ,  even and odd r e s p e c t i v e l y ,  

each locan t  l i s t  has  1 2  automorphisms ( t a b l e  3.401). 

C(1 ,2 ,3 ,4)  as C(0) o r  "even", a n d  C ( 1 , 2 , 4 , 3 )  as  C(1) or  

We do no t  use t h e  terns  D-,L- or R-, S-, as tlicse are bzscd on a diffcreilt 

s e t  of ru l e s  for o r d e r i n g  tlie radicals  (cf .  E l i e l ,  1962; P r e l o g ,  1966). 

Howcver, the a b s o l u t e  c o n f i g u r a t i o n  is  f u l l y  d c f i n  cd i n  t h e  present sys tem,  

w h k h  l is ts  t h e  r a d i c a l s  i n  DE1~D!~~L- l i i c r a rch ic~ l  order. 

program a t r a n s l a t f o n  between those sys t ems ,  b u t  DENDRRL i s  p r e f c r r c d  f o r  

We can  a b b r e v i a t e  

I 1  odd" r e s p e c t i v e l y .  

It is  easy t o  

radical-generat ton. The r u l e s ,  v h i c h  arc s p e c i a l l y  a d a p t e d  f o r  

I 
I asynmetr'ic carbon,  are: 

1) 

2) 

Radica l s  i n  DEEDRAL scquence; however , 
The a f f e r e n t  l i n k ,  if a n y ,  t a k e s  p o s j t i o n  4 

3:q II 
3.q 12 I 

I 

'3. w 3  3) Implied hyd,-ogcns are ass igned  i m p l i c i t ,  leading 1ocanr;s 

3 ' 4 1 L j  4) &~lycc ra l . dehydc  is taken  as the p ro to type  of the even Group. 

I 
2 



It is  elementary t h a t  c ( O ) d ~ ( l )  on ly  when the C i s  asymmetric, 

l .e.,  the f o u r  s u b s t i t u e n t s  arc a l l  d i f f s r c n t .  The g e n e r a t o r  program 

needs 1:noi.r on ly  t h i s .  

and conse rva t ion  of c h i r a l i t y  rnay be  i n p o r t a n t  i n  a n a l y t i c a l  manipula- 

However, t r a n s l a t i o n  t o  D/L and R / S  n o t a t i o n ,  

Each H-atoai of the pa th  a t o m  of t h e  pure  r i n g  is a c a n d i d a t e  

for  rcplaccinent by a r a d i c a l .  I f  t h e  path atom i s  ;I s a t u r a t e d  C ,  (-CH2-), 
.. 

the two 11's are no t  n e c e s s a r i l y  equ iva len t  i n  c h i r a l i t y  i , e . ,  when t h e  

image of the rcs t  of the ring d i f f e r s ,  a s  seen from the C atom, v i a  t h e  
.Q.- 

a f f e r e n t  and effer{nt  bonds. The image i s  obtaimed by c u t t i n g  the bond, 

the at tachment  t o  the C is replaced by an H ;  t h e  o t h e r  cut edge then  l e a d s  I 
I 

t o  a r a d i c a l  which can  be  eva lua ted  by DENDRN, rules. Thus i n  

I 

I 

Hlf:f3:Xi:ii a t  ( 3 ) ,  t h e  image i s  (C,O.C.C.C.) a f f e r e n t l y  and C.C.C.O.C. 

e f f e r e n t l y ,  Hence, any d i f f e r e n c e  i n  t h e  f u r t h e r  s u b s t i t u e n t s  a t  (3 )  

w i l l  make t h a t  atom asymcietric. 

Customary n o t a t i o n  Fails t o  u n i f y  t h e  s e v c r n l  a s p e c t s  of c h i r a l i t y :  

a symnc t r i c  C a t o r x  i n  a c y c l i c  moLecules, r i n g  v e r t i c e s  and ring pa th  
(1) 

atoms. 

a convent ion  f o r  z b s o l u t c  c o n f i g u r a t t i o n s  by the  nll.ocnt.ion of t h c  s e t  

DEHDRAL i t irnisl ics.  a c y s t m a t i c  e v a l u a t i o n  of rcc i icn ls  i m c ~  (2) 
h 

, 



of r a d i c a l s  t o  t h c  cvcn o r  odd group,  r e s p c c t i v e f y .  

A t  a t r i v a l e n t  r i n g  vertex, the ~ ~ e l g l i t s  a t  the C are ordered  by the 

canon ica l  nuinbering of t h e  VG cdgcs dcf i i icd by t h e  o r t h o w s h  and f u r t h e r  

s u b s t t t u e n t s  (Paragraph 3.22-3.24)  i n  t h e  r i n g .  

The c h i r a l - l t y  of the v e r t i c e s  of a r i n g  i s  dcsignatcd by a c h i r a l i t y  

This w i l l  be a s t r i n g  of 0 and 1 s t a t u s  vector d i sp layed  i n  t h e  VI4 l is t .  

b i t s .  
I t  

Other c h a r a c t e r s  mzy be used t o  d e s i g n a t e  uiispccif  i cd"  and raccnic 

! 

! 

I 

c o n d i t i o n s  ( s t a t i s t i c a l  mix tu res ) .  "C(0) . ' I  can be economical ly  replaced 

by 'IC-t" , 'IC (1) . ' I  by "C-" , 

For a path atom, a t h e  a f f e r e n t  and c f f c r e n t  pa ths  i n  the r i n g  coun t  
-1/ 

5 
as h c a v i c s t  boild; F u r t h e r  s u b s t i t u e n t s  a r c  then  t~eigl icd a s  I.n Paragraph 

3.41. . Addl 
3 8 4 ,  -----I_- CIS-TKANS TSO:,I1':RIS!.I "Y7" 

DIXDML n o t a t i o n  o v e r r i d e s  the d i s t i n c t i o n s  of CIS- a i d  t rnns -  

c o n f t g u r n t i o n s  of a d j a c e n t  v e r t i c c s  i n  r i n g s ,  which appears i n  customary 

n o t a t i o n .  
c .q I 

I n  inolccules  of s u f f i c i e n t  symnctry,  d e c d i n  we w i l l  f i n d  an 
81 

! ambigui ty:  

8s (01); t r a n s  t o  (11.) o r  (00),  a s  we s h a l l  see: 

CIS w i l l  correspond t o  t h e  c h i r a l i t y  s t a t u s  v e c t o r  (10) as w e l l  

. -. 



c h i r a l i t y  a t  V 1 :  

V 2  w i l l  b e  V2 (1,2,[t , 3 )  . . . . JI E l  E2 E3. 

V1(1,2,3,4) . . . , 11 E1 E2 E3 i n  c a n o n i c a l  o r d e r .  T lxxe  . 

\de t h u s  have L ' l ( O > ,  !'?(I.) o r  

the s t a t u s  vector (01). 

The s y m e t r y  , howver  , a l s o  pcrmlts t h e  rmlcculc  t o  be. i n v e r t e d ,  

which $ives t h e  vector '  (10) .  The forrncr i s  

however canonica l .  By a' corresponding argument t r ans -dcca l in  i s  

Note t h a t  t h e  autoilloi-phisn1s of v e r t e x  c h i r a l i t y  arc. r e s o l v e d  and the 

p a t h  n m b c r i n g  f i x e d ,  before l o c a n t s  a r e  establ. isl led f o r  p a t h  mod i f i e s s  

and alspcnded r a d i c a l s .  

The same approach of producing a n  a b s o l u t e  va l ence  a s s i g n a c n t s  

can be used to d c s c r i b c  geometrical isomerism a t  C = C. 

n The double  bqiid is  tzkcn t o  occupy two aad jacent  p o s i t i o n s  of t h e  
b a v i n l i j  

first C aton encountered,  pos tu la ted  as Iiccrvy c h i r a l i t y  s t a t u s  C(0). 

The  second is then  nntchcd t o  tlic f i r s t .  It w i l l  b e  C ( 0 )  o r  C ( 1 )  i n  

an a b s o l u t e ,  c a n o n i c a l  d e s c r i p t i o n ,  and o n l y  one of these i f  t h e  

c o n d i t i o n s  f o r  g c n m k r i c  isoincrisin arc  inet. e . g .  



1 

\ \. 

I 

I 

J 

AXIAL A I D  EQUATOR1 hL 

Hexagonal r i n g s  of tcil a d o p t  a chain-1I.l:e c o n f i g u r a t i o n  i n  which 

one of t h e  11’s a t  a pa th  -CH - may be found t o  l i e  e i t h e r  c l o s e  t o  t h e  

p l ane  of t h e  r i n g  (equator ia l . ) ,  t he  o t h e r  above o r  below i t  ( a x i a l ) .  

These lr tbels a r e  p a r t  of! a s t e r i c  r a t h e r  t lmn t o p o l o g i c a l  d e s c r i p t i o n ,  

2 

but can  soinetimes be  r e f e r r e d  froill t h c  a b s o l u t e  confij;uratio1-1. 
I 
I 

I 

RcvTsion of cdGc-niinbcrin~ canons for twin ed-es. -.---.. t?-....-- I..--.--II.----- h,, 3, p / L  --; -____._.T_ ”-__- ~ ..-- 
I (Revis ion of 2 . 3 4 )  

According t o  2.31,, t h e  edges of a v e r t e x  group arc nunhered by 

c i r c u i t i n g  t h e  polygon (Hamilton c i r c u i t ) ,  thail  t h e  chords as f i r s t  . 

encountered.  IIencc t h e  numbering and p o l a r i t y  of t h e s e  examples. 

(?.A) 



The e l a b o r a t i o n  of s y m e t r i c s  i s  siriiplif3.ed if twin  cdgcs are 

treated a s  chords ,  but arc  brought  together i n  the sequence. IIencc w c  

or ien ta t ion  of t h e  orthoxcsh, and node-nu;nbering in certaiii si tuation:; ,  For ' 

example 

, ,  

' I  

i n  place of 
I 

I 



Tab1.c 3.  1 

11 i e l-2 r cl I y of Vc c t or  V n  l u n  I: i. on i n  I) cc I: c a s in;; 0 r d c r of S i p i  j. i i c a n  c e 
, 

The DENDPUL-VALU13 of a r a d i c a l  is a v e c t o r  coxpi-isiiig : 

COH 1'0s IT I O N  OF I 'SD ICAL 

King c; * .  

Conposit j.011 . . C?IOPSUj'i . 

Or thomesh 
Vertex . .  Group VG - .  
Edge Count List  ECI, 

Vertex I.Ioc1j.f i c r s  VI4 ; c h i r a l i t y  status 
Pa t 11 11ic)d i f  i CI:S PPI 

Oth'er atoms by  a t o n i c  niimbcr 

C,k'!, 0 P,S 
u ( u n s n t u r a t i o n  i s  counted a s  a ioues t -va iued  atom) I 

' I  .. APICAL RODE . .  

Dcgrcc: h'uobci- of ef f ercnt radj ca l  s 
. Coiilpnsition of node: r i n g  (by  va luc )  , 

AFfcl-cnt l i n k :  ( i ,  :, .) 
, 

APPENDANT ItZIIICALS - a t t ached  t o  a p i c a l  node 

vector of r a d i c a l s  i n  order  of ascending* v a l u e  

locnrit list ( r ing)  o r  c h i r a l i t y  (atom) on a p i c a l  node 
I 
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TABLE 3.  It 1.0 

. .  

The altcrnatinl; grottps A 4 (cvcn) a i d  (odd) 

even C (0) 

permutation cycles 
. 

1234 
1342 
1423 
2143 
3214 
2431 
3124 
3412 
3 24 1 
4132 
4213 
4321 

.. - I .- 
. .. . . .  

-. . .  
: . 

i 

odd 

p cr mu t a I: i o  II 

1243 
1324 
1432 
2134 
2341 
241.3 
3142 
3423. 
3 2 1.4 
4123 
4231. 
4312. 

cycles 

Together, these c o n s t i t u t e  the symmetric group,  s4 . 
Example: 1234 a 2143 

I 

.- 
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The canon ica l  numbering d e t a i l s  then becoine : 

c VM: No heteroatom s u b s t i t u t i o n s ;  t h e  c h i r a l i t y  v e c t o r  i s  g iven  by: 

v l . . . .H 1 8 2 (1) v4..=4 5 6 (3) 
v2....H 1 2 3 (0) 
v3. .. .B 3 4 9 (0) v6... .H 7 8 9 (0) 

v5..  . . II  5 6 7 (0) (100300) 

(3) a t  v4 r e f e r s  t o  t h e  abrogat ion  of c h i r a l i t y  a t  a double-bonded v e r t e x .  

_I PLM: No heteroatoms,  b u t  a double bond a t  ( ~ 4 ~ 5 ) .  

5 
The complete r i n g  is  then  ( x l  = nor- -androstene)  

I n  t h e  whole molecule,  t h e  canonica l  c e n t e r  i s  a t ?  and w e  have: 

.C3H6.CH. .CH3 CH3 CH. .CH3 x l ( l , v l , v 5 , 7 ) ,  . .CH3 CH3 OH 
1-3 Y s- c 7 e 9  1 0  I 1  1L 

- C’ c 

n ~ A c 7  
We have s t i l l  t o  cons ide r  t h e  c h i r a l i t y  a t  x l ( 1 )  and x1(7!,/Thase prove t o  be 

giving t h e  completed formula: 

.C3H6.C€I8 . C H 3  C H 3  

CH+.CI13 ~1(1+,~1,~5,7-). . . C H 3  C H 3  OH 

x 1 ( 7 )  
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3 . 221 The v e c t o r  f o r  IXL o f  

L? 
I 

correqpontling c l ionge  i n  
p e r m u t a t i o n  t a b l e .  
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